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DEPARTMENT OF THE ARMY
ST. LOUIS DISTRICT, CORPS OF ENGINEERS
210 NORTH 12TH STREET
ST. LOUIS, MISSOURI 63101

IN REPLY REFER YO

‘i

SUBJECT: Water Works Lake Dam (Mo. 10006) Phase I Inspection Report

This report presents the results of field inspection and evaluation of
the Water Works Lake Dam (Mo. 10006).

It was prepared under the National Program of Inspection of Non-Federal
Dams.

This dam has been classified as unsafe, non-emergency by the St. Louis
District as a result of the application of the following criteria:

1) Spillway will not pass 50 percent of the Probable Maximum Flood
2) Overtopping could result in dam failure
3) Dam failure significantly increases the hazard to loss of life

downstream
SUBMITTED BY: SIGNED 86 Uc( 1979
Chief, Engineering Division Date
Sa—E“"“n C {97y
APPROVED BY: NN e 28UEC 187y
Colonel, CE, District Engineer Date
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

Name of Dam: Water Works Lake Dam, Missouri Inv. No. 10006
State Located: Missouri

County Located: Randolph

Stream: An Unnamed Tributary of Sweet Spring Creek

Date of Inspection: June 13, 1979

Assessment of General Condition

Water Works Lake Dam was inspected by the engineering
firms of Consoer, Townsend and Associates Ltd. and Engineering

Consultants, Inc. (A Joint Venture) of St. Louis, Missouri using

the "Recommended Guidelines for Safety Inspection of Dams". These
guidelines were developed by the Chief of Engineers, U.S. Army,
Washington, D.C., with the help of Federal and State agencies,
professional engineering organizations, and private engineers. The

resulting guidelines are considered to represent a consensus of the

T AT T TR

engineering profession.

The overall structural condition of the dam does not
appear to be entirely satisfactory. The dam does not exhibit signs
of structural instability, however, the seepage located 36 feet
upstream of the downstream end of the service splllway channel does
pose a potential danger to the structural stability of the dam.
The seepage should be investigated with high priority and repaired

T o IR L T oS- e |




as required. The dam appears to be adequately maintained.

Based on the criteria in the guidelines, the dam is in
the high hazard potential classification, which means that loss of

life and appreciable property 1loss could occur in the event of

failure of the dam. The estimated damage zone extends about one
and one-half miles downstream of the dam. Within the damage 2zone
are eight dwellings, one pumphouse, a sewage disposal plant, and
j several improved road crossings which may be subjected to flooding,
with possible damage and/or destruction, and possible loss of life.
The Water Works Lake Dam is in the small size classification since
it is less than 40 feet high and impounds less than 1,000 acre-feet i

of water.

Our inspection and evaluation indicates that the spill-
way of Water Works Lake Dam does not meet the criteria set forth in
the guidelines for a dam having the above size and hazard poten-
tial. Water Works Lake Dam being a small size dam, with a high
hazard potential, 1is required by the guidelines to pass from one-
half of the Probable Maximum Flood to the Probable Maximum Flood
without overtopping. Since there 1is a high hazard potential
downstream of the dam, the appropriate spillway design flood for
this dam is the Probable Maximum Flood. It was determined that the
reservoir/spillway system can accommodate only 9 percent of the
Probable Maximum Flood without overtopping the dam. Our evaluation
indicates that the reservoir/spillwa; system will accommodate the
10~year flood without overtopping the dam. However, the dam will

be overtopped during the occurrence of the 100-year flood.

The Probable Maximum Flood 1s defined as the flood
discharge that may be expected from the most severe combination of
critical meteorological and hydrologic conditions that are reason-
ably possible in the region. The 100-year and the 10-year floods

are defined as the floods having a 1 percent and a 10 percent

I1




chance, respectively, of being equalled or exceeded during any

given year. i

Other deficiencies noted by the 1inspection team were:

the undercutting of the downstream end of the service spillway

channel; the vegetation around the intake and outlet of the emer-
gency spillway; the erosion of the upstream crest and slope due to
wave action and storm runoff; the vegetation and several trees on
the upstream slope and the one large tree on the downstream slope;
a lack of periodic 1inspection by a qualified engineer and a lack of
maintenance schedule. The lack of seepage and stability analyses

on record is also a deficiency.

It is recommended that the owner take action to correct

or control the deficiencies described above.

o~ g ¢ .
Walter G. ifrin, P
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1.1

PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

Water Works Lake Dam, Missouri Inv. No. 10006

SECTION 1: PROJECT INFORMATION

General

a. Authority

The Dam Inspection Act, Public Law 92-367 of
August, 1972, authorizes the Secretary of the Army, through
the Corps of Engineers, to initiate a national program of dam
inspections. Inspection for Water Works Lake Dam was carried
out under Contract DACW 43-79-C~-0075 to the Department of the
Army, St. Louis District, Corps of Engineers, by the engineer-
ing firms of Consoer, Townsend & Associates Ltd., and Engi-
neering Consultants, Inc. (A Joint Venture), of St. Louis,

Missouri.

b. Purpose of Inspection

The visual inspection of Water Works Lake Dam was
made on June 13, 1979. The purpose of the inspection was to
make a general assessment as to the structural integrity and
operational adequacy of the dam embankment and its appurtenant

structures.

-1-




Ce Scope of Report

This report summarizes available pertinent data
relating to the project; presents a summary of visual observa-
tions made during the field inspection; presents an assessment
of hydrologic and hydraulic conditions at the site; presents
an assessment as to the structural adequacy of the various
project features; and assesses the general condition of the

dam with respect to safety.

Subsurface investigations, laboratory testing, and
detatled analyses were not within the scope of this study. No
warranty as to the absolute safety of the project features is

implied by the conclusions presented in this report.

It should be noted that reference in this report to
left or right abutment is as viewed looking downstream. Where
left abutment or left side of the dam is used in this report,
this also refers to north abutment or side, and right to the

south abutment or side.

de Evaluation Criteria

Criteria used to evaluate the dam were furnished by
the Department of the Army, Office of the Chief of Engineers,
in "Recommended Guidelines for Safety Inspection of Dams",
Appendix D. These guidelines were developed with the help of
gseveral Federal agencies and many State agencies, professional

engineering organizations, and private engineers.




1.2

Description of the Project

a. Description of Dam and Appurtenanceas

It should be noted that design drawings are not
available for the dam or appurtenant structures. The follow-
ing description 1is based exclusively on observations and

measurements made during the visual inspection.

The dam consists of an earthfill embankment between
earth abutments. The crest width 1is 26 feet, with a length of
approximately 400 feet. The crest elevation varies from 814.5
feet above MSL on the right abutment to 808.4 feet above MSL
on the left abutment. The maximum height of the embankment

was measured to be 30 feet.

The downstream slope of the embankment was measured
to be 1V to 2.75H. However, the slope is being flattened by
occasional dumping of random materials. The upstream slope of
the embankment was measured to be 1V to 1.5H. No riprap

protection was observed on the upstream slope.

There are two spillways for the Water Works Lake
Reservoir. The service spillway 1s cut into the left abut-
ment. The spillway is a trapezoidal shaped gunite~lined, open
channel with side slopes of 1V to 1.25H, and a bottom width
varying from a minimum of 12 feet to a maximum of 19 feet.
The channel 1s approximately 120 feet long. A hinged metal
trashrack 1is located on the upstream side of the spillway.
The emergency spillway consists of two 27-inch diameter
concrete pipes through the embankment. The 27-inch concrete
pipes are located near the right abutment. The spillway
conduits are each about 58 feet long with no slope and dis-

charge into an earth cut channel.
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A 10-inch ductile iron outlet pipe passes beneath
the embankment near the left abutment to a pumphouse located
just downstream of the dam. The inlet invert can be raised or
lowered by a winch which is mounted on a steel tower located
in the raservsit. The outlet is controlled by a gate valve in
the pumphouse. There are two pumps in the pumphouse, one is

diesel powered and one is driven by electricity.

The dam 1is situated in the Dissect Till Plains
section of the Central Lowlands Province (Fennemen, N.M.,
“"Physiography of Eastern United States", 1946). This area was
glaciated during Pleistocene time, at the close of which
relatively thick deposits of glacial till were deposited on
the underlying bedrock.

Regionally, in the dam area, the rocks are dipping
gently to the southwest at about 25 feet per mile ("Structural
Features Map of Missouri', 1971). The dam is situated on the
southwest flank of the College Mound - Bucklin Anticline, a
major structure whose northwest striking axis is 10 miles to
the northeast. At the dam site, the beds are essentially flat
lying.

b. Location

The Water Works Lake Dam is located on an unnamed
tributary of Sweet Spring Creek, Randolph County, Missouri.
The dam is located in the southwest corner of Rothwell Park,
which is on the west side of Moberly, Missouri. The dam and
the reservoir are shown on the Moberly, Missouri Quadrangle
Sheet (7.5 minute series) northeast 1/4 of the southeast 1/4
of Section 3, Township 53 North, Range 14 West.




Ce Size Classification

According to the "Recommended Guidelines for Safety
Inspection of Dams", by the U.S. Department of the Army,
Office of the Chief Engineer, the dam is classified in the dam
size category as being "Small" since its storage is less than
1,000 acre-feet. The dam 1is also classified as "Small" in
dam size category because its height is less than 40 feet. The

overall size classification is, accordingly, "Small" in size.

d. Hazard Classification

The dam has been classified as having "High" hazard
potential in the National Inventory of Dams, on the basis that
in the event of failure of the dam or its appurtenances,
excessive damage could occur to downstream property, together
with the possibility of the loss of life. Our findings concur
with the classification. The estimated damage zone extends
about one and one-half miles downstream of the dam. Within
the damage 2zone are eight dwellings, one pumphouse, a sewage

disposal plant and several improved road crossings.

ee. Ownership

The Water Works Lake Dam is ownad by the City of
Moberly, Parks and Recreation Department. The mailing address

is The City of Moberly, Parks and Recreation Department, c/o
Mr. Jerry Calvin, 109 North Clark Street, Moberly, Missouri,
65270.




f. Purpose of Dam

The purpose of the dam is to impound water for
recreational use by the Parks and Recreation Department, and

as a possible supplemental water supply for the city.

g Design and Construction History

Water Works Lake Dam was originally built about
1870. Exact dates and information are not available, however,
according to Mr. Don Tuley, the City Engineer, the dam may
have been built under the direction of the Moberly Board of
Public Works.

The gunite lining of the service spillway was added
in 1967 after a rainstorm washed out a portion of a park road
directly east of the spillway. The lining was provided to
help channelize any water which was flowing through the
spillway.

The emergency spillway located near the right
abutment was constructed in 1960 by city crews in hopes of
raising the reservoir level by raising the dam and plugging up
the present service spillway. This project was never comp-

leted and the lake remains at its original level.

The pumphouse was constructed in 1911 and the two
water pumps inside were in constant service for about 1l years
until they were taken out of service in 1922 because of the

expansion of the Sugar Creek Project located north of Moberly.




h. Normal Operational Procedures

There are no specific operational procedures for
Water Works Lake Dam. The water level 18 controlled by
rainfall, runoff, evaporation, and the spillway crest eleva-
tion. The reservoir level 1is allowed to remain as full as
possible. Prior to 1922, the reservoir was maintained as a

water supply lake, but 18 now operated for recreational use.




1.3 Pertinent Data

a. Drainage Area (square miles): 0.65

b. Discharge at Damsite

Estimated experienced maximum flood (cfs): 80

Estimated ungated spillway capacity
at maximum pool elevation (cfs): 135

Ce Elevation

Top of dam:

Spillway crest:

(Feet above MSL)

Varies from 814.5 on the right abutment to
808.4 on the left abutment.

Service Spillway 806.0
Emergency Spillway 808.7 *
Normal Pool 806.0
Maximum Pool (PMF): 812.68
d. Reservolir
Length of maximum pool (Feet): 2800
e. Storage (Acre-Feet)
Top of dam: 201
Spillway crest:
Service Spillway 147
Emergency Spillway 206 *
Normal Pool: 147
Maximum Pool (PMF): 350

* Higher than top of dam (according to field measurement)




f. Reservoir Surface (Acres)
Top of dam: 24
Spillway crest:

Service Spillway 21
Emergency Spillway 244 *
Normal Pool: 21
Maximum Pool (PMF): 31+
8 - Dam
Type: Earthfill
Length: 400 feet
Structural Height: 30 feet
Hydraulic Height: 24 feet
Top width: 26 feet
Side slopes:
Downstream 1V to 2.75H
Upstream 1V to 1.5H
Zoning: Unknown
Impervious core: Unknown
Cutoff: Unknown
Grout curtain: Unknown
h. Diversion and Regulating Tunnel None

* Higher than top of dam (according to field measurement)




i. Spillway

Type:
Service Spillway
Emergency Spillway
Length of weir:
Service Spillway
Emergency Spillway
Crest Elevation (feet above MSL):
Service Spillway
Emergency Spillway
j. Reéulating Outlets
Type:

Length:
Closure:

Maximum Capacity:

* Higher than top of dam

Open Channel, Uncontrolled
Conduit, Uncontrolled *

12 feet
2~27-inch diameter concrete pipes

806
808.7 *

10-inch diameter ductile iron
water supply pipe

Unknown

Gate Valve

Unknown

(according to field measurement)

-10-




SECTION 2 : ENGINEERING DATA

2.1 Design

No design drawings or data are available for Water Works
Lake Dam. It is doubtful 1if any plan or design exists for the

structure.

2.2 Construction

No construction records or data are available for the
dam and appurtenant structures, other than the construction history

given in Section 1l.2g.

2.3 Operation

No operation records are available for the Water Works

Lake Dam.

2.4 Evaluation

a. Availability

The availability of engineering data 1is poor. The
available data consist only of State Geological Maps, U.S.G.S.
Quadrangle Sheets and the data given 1in the National Dam
Inventory Table. No information on subsurface investigations
or soll testing was available. No information on design
hydrology or hydraulic design was available, nor were seepage
and stability analyses comparable to the requirements of the

"Recommended Guidelines for Safety Inspection of Dams", which

=11~




is considered a deficiency.

b. Adequacy

The conclusions presented in this report are based
on field measurements, past performance and present condition
of the dam. The data available is inadequate to evaluate the
hydraulic and hydrologic capabilities of the dam. In the
absence of seepage and stability analyses no quantitive
evaluation of the structural stability can be made. These
seepage and stability analyses should be performed for appro-

priate loading conditions and made a matter of record.

Ce Validity

Not applicable, as no design or construction

records were available.

-]2~
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SECTION 3: VISUAL INSPECTION

3.1 Findings

a. General

A visual inspection of the Water Works Lake Dam was
made on June 13, 1979. The following persons were present

during the inspection:

Name Affiliation Disciplines
David J. Kerkes Engineering Consultants, Inc. Soils Engineer
Peter Howard Engineering Consultants, Inc. Geology
Mark R. Haynes Engineering Consultants, Inc. Civil, Structural

& Mechanical

Kenneth L. Bullard Engineering Consultants, Ince. Hydraulics &
Hydrology
Kevin Blume Consoer, Townsend & Assoc., Ltd. Civil and
' Structural
Oran Patrick City of Moberly, Missouri Superintendent of

Parks & Rec.

Ron Wilson City of Moberly, Missouri Director of
Public Works




Specific observations are discussed below.

b. Dam

The crest of the dam has an adequate cover of
vegetation which protects the embankment materials. There was
no evidence of significant settlement or cracking on the
crest. No significant deviations in horizontal or vertical
alignment were apparent. The elevation on the right abutment
is approximately 6 feet higher than the left abutment.
According to Mr. Wilson, the dam has no history of being

overtopped.

The upstream embankment slope does not have riprap
protection. Some erosion has occurred near the water surface
due to wave action. This has caused some steepening of the
embankment slope, with the slope appearing to be near vertical
in some areas. Some erosion has occurred due to storm runoff
along bare areas which are used for paths. Heavy vegetation
and several large trees are growing along most of the slope.

No depressions or settlements were observed on the slope.

The downstream embankment slope has patchy grass
cover and one large tree. Random materials are being dumped
on the downstream slope to flatten it. The random material
consists of various types of soil, bricks and other types of
materials not normally used for embankment materials. No
seepage was observed along the toe of the slope, however,
seepage was observed flowing at the contact of the downstream
embankment and the right side of the discharge channel of the
service spillway. The seepage was located at approximately 36

feet upstream of the downstream end of the gunite lining on
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the right side of the discharge channel. The rate of flow of
the seepage was not determined because of the inaccessibility
and quantity of flow, but, the seepage was considered to be
significant since it has eroded some embankment material and
was causing the material above it to cave in. Nevertheless,
the discharge was clear at the time of the inspection. It was
undetermined whether the seepage was flowing along the embank-
ment and abutment contact, through the embankment or through
the foundation. No depressions, bulges or settlements were
observed on the downstream slope. According to Mr. Patrick,
he was not aware of any sloughing or seepage on the downstream
slope in the past. Materials removed immediately below the

vegetation cover on the embankment appeared to be a clayey

silt.

Both abutments appeared to be natural earth mater-
ial with adequate protection. The left abutment, some 50 feet
from the embankment contact, was measured to be 6 inches below
the crest of the dam. From there the abutment sloped gently
upward to a point, approximately the same elevation as the
crest of the dam, some 100 feet from the embankment contact.
The right abutment gently sloped upward away from the embank-
ment. No seepage was observed in or around either abutment
except for the above mentioned seepage. No evidence of slope

movement or erosion was apparent in either abutment.

No rodent activity was observed 1in either the

embankment or the abutments.

Downstream of the dam, good exposures of a massive
sandstone were obgerved. This appears to be the Warrensburg-
Moberly sandstone which 1s described as a thick channel
sandstone and a part of the Pleasanton Group (Missourian

Series, Pennsylvanian) (Geologic Map of Missouri, 1961). Some
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erosion has exposed bedrock in the vicinity of the dam.

Ce Appurtenant Structures
(1) Spillways

The gunite spillway (service <pillway) and dis-
charge channel appear to be, overall, in satistactory condi-
tion, however, the remadial measures described in Section 7.2
should be undertaken as recommended. No evidence of struc-
tural cracking or spalling could be found. Minor temperature
cracks were observed on the side walls of the channel. The
discharge channel 1is being undercut at the downstream end of
the channel which is causing the floor of the gunite channel
to crack and break off. A metal trashrack has been provided
on the spillway. The trashrack is 16 feet wide and 29 inches
tall expanded metal which is hinged along the top support.
The trashrack can be swung up by pulling up on the bottom.

According to Mr. Don Tuley, the City Engineer, the
gunite lining was added in 1967. Flood waters from a rain-
storm washed out a portion of a park road downstream of the
dam. The damaged area was repaired by a compacted clay fill
and riprap. The gunite lining was provided to help channelize
any water which flows through the spillway.

The concrete conduits of the emergency spillway are
in excellent condition. No evidence of structural cracking or
spalling could be found. No misalignment of the joints of the
pipe were observed. The upstream and downstream channels of

the spillway were overgrown with heavy vegetation. The

spillway was constructed in 1960.




(2) Outlet Works

According to Mr. John West, Water Superintendent
for the City of Moberly, Missouri, both of the pumps were
taken out of service in 1922. The electrically driven pump 1is
the only one which is still operable and it was last operated
in 1976. Plans are being made to make necessary repairs on
both the pumps to make them operable and to keep them in
operable condition so that they can be used as a possible

supplemental water supply.

de Reservoir Area

The water surface elevation was approximately 806

feet above MSL on the day of the inspection.

The reservoir rim 1is gently to moderately sloped
and no indications of instability were readily apparent. The
slopes above the reservoir are heavily wooded. No buildings
or dwellings are built on or near the shoreline, with only a
few boat docks on the shoreline. The property around the lake
is part of Rothwell Park owned by the City of Moberly, Mis-

souri.

€. Downstream Channel

The channel immediately downstream of the service
spillway discharge channel is a well-defined, earth cut
channel. The channel 1is irregular in shape and has side

slopes which are nearly vertical. Bedrock was exposed in the

channel.




—————

3.2

gency

channel has some vegetation and no riprap protection.

The channel downstream of the emergency spillway is

a well-defined, earth cut channel. The outlet of the emer-

spillway 1is overgrown with heavy vegetation. The

The two channels converge downstream of the dam and

then pass through a 60-inch C.M.P. culvert which passes under
an asphalt park road. No major obstacles or debris were

observed along the channel downstream from the culvert.

Evaluation

The seepage area located 36 feet upstream of the down-

stream end on the right side of the service spillway channel is

serious enough to need immediate remedial action.

The following problems were observed which could affect

the safety of the dam or which will require maintenance within a

reasonable period of time.

ll

2.

3.

4.

The service spillway channel 1is being undercut at the

downstream end.

The intake and discharge ends of the emergency spillway

are overgrown by heavy vegetation.

Erosion of the upstream crest and slope by wave action

and storm runoff.

The vegetation and several trees growing on the upstream
slope and the one large tree growing on the downstream

slope.
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SECTION 4: OPERATIONAL PROCEDURES

4.1 Procedures

Water Works Lake Dam 1is used to impound water for
recreational use and has no particular procedure for operation at
this time. The water level 1s controlled by rainfall, runoff,
evaporation, seepage and the spillway crest elevation. Future
plans are to make the two pumps in the pumphouse downstream of the
dam operable for use as a possible supplemental water supply for

the city.

4.2 Maintenance of Dam

Water Works Lake Dam is maintained by the Moberly City
Parks and Recreation Department. The maintenance section is under
the direction of Mr. Oran Patrick, who was present on the day of
the 1inspection. The dam appears to be adequately maintained.
Nevertheless, the vegetation and several trees on the upstream
slope and the one large tree on the downstream slope should be
removed and an adequate grass cover retained on both the upstream
and the downstream slopes of the dam. The seepage observed 36 feet
upstream of the downstream end of the service spillway channel

should be investigated and repaired as required.

In 1967, the service spillway channel was lined with
gunite and in 1960, the emergency spillway structure was con-

structed. City crews are presently duuping random £fill on the

downstream slope to flatten it.




4.3 Maintenance of Operating Facilities

At this time, the only operating facilities at the dam
are the two pumps, one diesel powered and the other electrically
driven, located in the pumphouse downstream of the dam. The pumps
were originally used to pump water from the Water Works Reservoir
into the city water supply system, but were taken out of service in
1922. The electrically driven pump is the only pump which is 1in
working condition and was last tested in 1976 by the Water Super-
intendant. Future plans are being made to make necessary repairs

on both the pumps to make them operable.

4.4 Description of Any Warning System in Effect

The inspection team was not informed of any warning

system in effect for Water Works Lake Dam.
4.5 Evaluation
The maintenance of the dam appears to be adequate.

Nevertheless, the remedial measures described in Section 7 should

be undertaken within the time specified.




SECTION 5: HYDRAULIC/HYDROLOGIC

Evaluation of Features

a. Design

The watershed area of the Water Works Lake Dam
upstream from the dam axis consists of approximately 418
acres. About 50 percent of the watershed area 1is wooded and
the rest of the area 1is agricultural land. Land gradients in
the watershed average roughly 2 percent. The Water Works Lake
Reservoir 1s located on an unnamed tributary of Sweet Spring
Creek. The reservoir 1s about 400 feet upstream from the
confluence of the unnamed tributary and Sweet Spring Creek.
At 1its longest arm the watershed is approximately 0.6 mile
long. A drainage map showing the watershed area is presented

as Plate 1 in Appendix B.

Evaluation of the hydraulic and the hydrologic
features of Water Works Lake Dam was based on criteria set
forth in the Corps of Engineers’ "Recommended Guidelines for
Safety Inspection of Dams’, and additional guidance provided
by the St. Louis District of thke Corps of Engineers. The
Probable Maximum Flood (PMF) was calculated from the Probable
Maximum Precipitation (PMP) using the methods outlined in the
U.S. Weather Bureau Publication, Hydrometeorological Report
No. 33. The probable maximum storm duration was set at 24
hours, and storm rainfall distribution was based on criteria
given in EM 1110-2~1411 (Standard Project Storm). The SCS
method was used for deriving the unit hydrograph, utilizing
the Corps of Engineers’ computer program HEC~1 (Dam Safety
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Version). The unit hydrograph parameters are presented in

Appendix B. The SCS method was also used for determining the
loss rate. The hydrologic soil group of the watershed was
determined by use of published soil maps. The hydrologic soil
group of the watershed and the SCS curve number are also
presented in Appendix B. The curve number, the unit hydro-
graph parameters, the PMP index rainfall and the percentages
for varifous durations were directly input to the HEC-1 (Dam
Safety Version) computer program to obtain the PMF hydrograph.
The computed peak discharges of the PMF and one-half of the
PMF are 7,205 cfs and 3,603 cfs respectively.

Both the PMF and one-half of the PMF inflow hydro-
graphs were routed through the reservoir by the Modified Puls
Method also utilizing the HEC-1 (Dam Safety Version) computer
programe. The reservoir was assumed at the spillway crest
level at the start of the routing computation. The peak
outfilow discharges for the PMF and one-half of the PMF are
5,182 and 2,197 cfs respectively. Both the PMF and one-half
of the PMF, when routed through the reservoir result in

overtopping of the dam.

The stage-outflow relation for the spillway was
prepared from field notes and sketches, prepared during the
field inspection. The reservolr stage-capacity data were
based on the U.S5.G.S. Moberly, Missouri Quandrangle topogra-
phic map (7.5 minute series). The spillway and overtop rating
curve and the reservoir capacity curve are presented in Plates

2 & 3 respectively in Appendix B.

From the standpoint of dam safety, the hydrologic
design of a2 dam aims at avoiding overtopping. Overtopping is
especially dangerous for an earth dam because the downrush of

waters over the crest can erode the dam embankment and release
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all the stored water suddenly into the downstream floodplain.
The safe hydrologic design of a dam requires a spillway
discharge capability, in combination with an embankment crest
height that can handle a very large and exceedingly rare flood
without overtopping.

The Corps of Engineers designs its dams to safely
pass the Probable Maximum Flood that is estimated could be
generated from the upstream watershed. This is the generally
accepted criterion for major dams throughout the world, and is
the standard for dam safety where overtopping would pose any
threat to human life. According to the Corps’ criteria, the
hydrologic requirement for safety for this dam is the capabil-
ity to pass from one-half of the Probable Maximum Flood to the
Probable Maximum Flood without overtopping.

b. Experience Data

No records of reservoir stage or spillway discharge
are wmaintained for this site. However, according to the
owner’s representative, the maximum reservoir level was above
the crest of an old spillway by several feet and damaged the
park road below the dam. The spillway was reconstructed after

this event. The dam has never been overtopped.
Ce Visual Observations
Obgervations made of the spillway during the visual

inspection are discussed in Section 3.1¢c(l) and evaluated in

Section 3.2.
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d. Overtopping Potential

As 1indicated in Section 5.la, both the Probable
Maximum Flood and one-~half of the Probable Maximum Flood, when
routed through the reservoir, resulted in overtopping of the
dam. The peak outflow discharges for the PMF and one-half of
the PMF are 5,182 cfs and 2,197 cfs respectively. The PMF
overtopped the dam crest by 4.28 feet and one~half of the PMF
overtopped the dam crest by 2.53 feet. The total duration of
embankment overflow is 12.75 hours during the PMF, and 7.58
hours during one-half of the PMF. The maximum capacity for
the spillway without any freeboard is about 135 cfs. The
spillway for Water Works Lake Dam 1is capable of passing a
flood equal to approximately 9 percent of the PMF just before
overtopping the dam. The 100-year flood is equal to approxi-
mately 12 percent of the PMF. The spillway/reservoir system
will not accommodate the 100-year flood without overtopping
the dam. However, the spillway and the reservoir will accom-
modate the 10-year flood without overtopping. The 10-year
flood is approximately equal to 7 percent of the Probable
Maximum Flood.

The failure of the dam could cause extensive damage
to the property downstream of the dam and possible loss of
life. The estimated damage zone extends about one and one-
half miles downstream of the dam. Within the damage zone are
eight dwellings, one pumphouse, a sewage disposal plant and

several improved road crossings.
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SECTION 6: STRUCTURAL STABILITY

Evaluation of Structural Stability

ae. Visual Observations

There were no signs of settlement or distress
observed on the embankment or foundation during the visual
inspection except for the erosion of the upstream slope above
the water surface due to storm runoff and wave action. The
damage due to the storm runoff and wave action is not serious
at this time, however, the areas should be repaired and the
slope protected from further damage within a reasonable period
of time. The heavy vegetative growth and several trees on the
upstream slope and the one large tree on the downstream slope
present a potential hazard to the structural stability of the

embankment.

The seepage located 36 feet upstream of the down-
stream end of the service spillway channéi indicates a pos-
sible danger to the structural stability of the dam. The
seepage should be investigated immediately ans repairs made as

required.

The random fill being placed on the downstream
slope to flatten it is adding to the structural stability of

the dam, even though the material being used is of a lesser

quality than what is generally used for embankment material.




Both the service and the emergency spillways appear
to be structurally stable. The minor cracking observed in the
side slopes of the service spillway appears to be temperature
cracks and does not pose a danger to the stability of the
structure. The undercutting of the spillway channel at the
downstream end does not affect the safety of the spillway in

its present condition, however, the undercutting should be

repaired.

It 1s not known if the dam is founded on bedrock.
If the dam is founded on bedrock, the central part of the dam

would most 1likely be founded on the Warrensburg-Moberly

sandstone which would form a competent foundation. The

abutments, if on bedrock, would possibly be resting on the
thin-bedded sandstone of the Pleasanton Group. For a small

dam, these beds appear to be satisfactory for a foundation.

b. Design and Construction Data

No design computations were uncovered during the
report preparation phase. Seepage and stability analyses
comparable to the requirements of the "Recommended Guidelines
for Safety Inspection of Dams" were not available. No embank-~
ment or foundation soil parameters are available for carrying
out a conventional stability analysis on the embankment. No
construction data or specifications relating to the degree of

embankment compaction are available for use in a stability

analysis.




Ce Operating Records

No operating records are available relating to the
stability of the dam. The water 1level on the day of the
inspection was at the crest of the service spillway, and it is

assumed that the reservoir remains close to full at all times.

d. Post Construction Changes

The construction of the gunite 1ining on the
service spillway in 1967 provides structural stability to the
dam. The lining helps channelize any water or future flood
waters which may pass through the spillway away from the

downstream embankment.

The emergency spillway which was constructed in
1960 increases the hydraulic capacity of the dam to pass a
flood. Nevertheless, because the invert of the spillway is at
a higher elevation than the crest of the dam near the left
abutment, the spillway does not help the structural stability
of the dam.

No other post construction changes will affect the

structural stability of the dam.
€. Seismic Stability
The dam is located in Seismic Zone 1, as defined in

"Recommended Guidelines for Safety Inspection of Dams” as

prepared by the Corps of Engineers, and therefore, does not

require a seismic stability analysis.




SECTION 7: ASSESSMENT/REMEDIAL MEASURES

7.1 Dam Assessment

The assessment of the general condition of the dam is
based upon available data and visual inspections. Detailed inves-
tigations, testing, and detailed computational evaluations are
beyond the scope of a Phase I investigation; however, the investi-

gation is intended to identify any need for such studies.

It should be realized that the reported condition of the
dam is based on observations of field conditions at the time of

inspection along with data available to the inspection team.

It is also important to note that the condition of a dam
depends on numerous and constantly changing internal and external
conditions, and is evolutionary in nature. It would be incorrect
to assume that the present condition of the dam will continue to
represent the condition of the dam at some point in the future.
Only through continued care and inspection can there by any chance

that an unsafe condition could be detected.

a. Safety

The spillway capacity of Water Works Lake Dam was
found to be "Seriously Inadequate". The spillway/reservoir
system will accommodate only 9 percent of the PMF without

overtopping the dam.

-28~




The erosion due to wave action on the upstream
embankment slope, if allowed to continue, could jeopardize the
safety of the dam. Therefore, the erosion should be repaired
and the slope protected from further damage. The vegetation
and the trees on the upstream slope and the one large tree on
the downstream slope should be removed from the slopes and an
adequate protective grass cover retained on the slopes. This
should be accomplished under the guidance of an engineer
experienced 1in the design and construction of earthen dams.
Indiscriminate clearing could jeopardize the safety of the
embankment. No signs of distress were observed in the embank-

ment or in the foundation.

The seepage located 36 feet upstream of the down-
stream end of the spillway channel could pose a potential
danger to the safety of the embankment. It 1s recommended
that a seepage and stability analyses be performed to deter-
mine the source of the seepage and the effect of the seepage
on the stability of the embankment. No seepage and stability

analyses were avalilable for review.

The heavy vegetation around the intake and outlet
of the emergency spillway will obstruct the normal functioning
of the spillway. However, at the present time the emergency
spillway 1is higher than the lowest point on the dam crest.
The undercutting of the downstream end of the service spillway
does not affect the safety of the dam in its present condi-
tion, however, it should be repaired and protected from

further damage.
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b. Adequacy of Information

The conclusions presented in this report are based
on field measurements, the available engineering data, past
performance and present condition of the dam. Information on
the design hydrology, hydraulic design, and the operation and
maintenance of the dam as well as seepage and stability
analyses were not available. To supplement available data and
allow for a more definite evaluation of the dam, it is recom

mended that the following programs be initiated:

1. Periodic inspection of the dam by an engineer experienced
in the design and construction of earthen dams should be

made and this inspection report made a matter of record.

2. Set up a maintenance schedule and log all visits to the

dam for operation, repairs and maintenance.

3. Perform seepage and stability analyses comparable to the

"Recommended Guidelines for Safety Inspection of Dams".

C. Urgency

The remedial measures recommended in Paragraph 7.2
should be accomplished within a reasonable period of time.
The items recommended in paragraph 7.2a should be pursued on a

high priority basis.
d. Necessity for Phase II1 Inspection
Based on results of the Phase 1 inspection, and if

the remedial measures recommended in Paragraph 7.2 are under-

taken as specified, a Phase II inspection is not felt to be

necessarye.




7.2 Remedial Measures

a. Alternatives:

1. Spillway capacity and/or height of the dam siould be
increased to accommodate the PMF without overtopping the
dam. The overtopping depth during the occurrence of the
PMF, stated elsewhere in this report, 18 not the required

or recomménded increase in height of the dam.

2. The seepage located 36 feet upstream of the downstream
end of the service spillway channel should be investi-
gated. Seepage and stability analyses should be per-
formed by a professional engineer experienced 1in the

destgn and construction of earthen dams.
b. 0 & M Procedures:

1. Repair the undercutting of the downstream end of the

service spillway channel.

2. Remove the vegetation around the intake and outlet of the

emergency spillway.

3. Repair the erosion of the upstream crest and slope due to

k wave action and storm runoff.

4. Remove the vegetation and several trees from the upstream
slope and the one large tree on the downstream slope and
retain an adequate protective grass cover on both slopes.
Removal of trees should be performed under the direction
of an engineer experienced in the design and construction

of earth dams.
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5. The owner should initiate the following programs:

a. Periodic inspection of the dam by a professional
engineer experienced in the design and construction

of earthen dams.

b. Set up a maintenance schedule and log all visits to

the dam for operation, repairs and maintenance.
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APPENDIX A

PHOTOGRAPHS TAKEN DURING INSPECTION
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{ Water Works Lake Dam

Photo 1. - View of the crest of the embankment.

Photo 2. - View of the upstream embankment slope.
Photo 3. - View of the downstream embankment slope.
Photo 4. - View of the random dumping of material on

the downstream slope.

Photo 5. - View of the service spillway and
trashrack.

Photo 6. - View of the service spillway discharge
channel.

. Photo 7. - View of the intake to emergency spillway.

Photo 8. - View of the outlet of the emergency
spillway.

Photo 9. - View of the erosion at the downstream end

of service spillway discharge channel.

Photo 10. - View of the downstream channel.
Photo 11. - View of the seepage on the left abutment
near the downstream end of the service
spillway discharge channel. ?
Photo 12. - View of the intake control structure.
Photo 13. - View of the diesel powered pump.

Photo 14. - View of the electric driven pump.




r e ~r .

Watcer Works Lake Dam ‘

Photea 2




Photoe 3

Photo 4

Water

Works

faakae

Dam




water Works Lake Dham

Photo

Photo

6

DI
r ~




Ca
' L e TR e —— e

Photo 7

Phato R

Water

Works Tako

o




Water Works Lake Dam

W
v LY

' An iy : . ‘ - e
F”WI‘ VIR S oGRS ARRENEY  rioto 10
T . B i é )




baged it eaia .
e o ——— C. e ——— ———

Water Works Lake Dam

. ) I

2y P
"l
N

NIRF U
) ' E’aﬁ@;‘,‘;’ %\:}

)

AN

SANR

.
- - . -—oa “h e et e e

Photo 11

Photo 12




Water Works Lake Dam

Photo 13

Photo 14

PORPTA v L}

Sl




APPENDIX B

HYDROLOGIC COMPUTATIONS




PLATE | , APPENDIX B

MISSOURI
1\/ @ MOBERLY QUADRANGLE

zxxzz s

QUAURANGLE LOCATION ; ATINENNL Y ) qn\;' \ AS By y N
- = o+ . - A%y / ' g
a S . w, TN .
. e : A = | ~ A » . :' I a g ‘;\ " r;—w'u y
Fe N b - [ . N . o°%e !,
- . he . e =
~t, 34 : -
\\“ i

I 8M 865

8 gfe

FTE o | gusren {
(O~ AN © T TSN

%
TE ¥

CONTOUR INTERVAL 10 FEET
DATUM 15 MFAN STA LEVEL

DRAINAGE BOUNDARY == == = == =

WATER WORKS LAKE DAM (MO 10006)
DRAINAGE BASIN

B-2




1

OF __

-—.- SHEET NO.

o WATERWORKS. _ LAKE_DAM_(MO# 10006 sos no.. IBHO. .

MISSOORL . _

PECTION

<
~)

- DOMA_SAFETY

-

T

ey

Z - OATE. G /L ',[Zd

N
4

e

i

4

. . \ . PR . :
L ; 2_911 =26~ _xu

o

\\“ Ek BIH,5'

H&q

_LPILLwWRY _t+ QVERTOP

ho.T
6.7

82.7

-

0.1

wzy | S0zl & |

351 | BIN.74 | joZ

Lo P

N N VR

EYT .4

ERL

|62 __i 6,07

¢

5451777 8.28

!
|
|
|

i

34

1020

4927

3

4

120, 688
>4 1 1649

Y,9 . 2B5%

L6y 4259

t

nJ L EL. 808,4' ..N.N SZn ,v._v.wul
- , Tw/f )
& A KL o&.@\ . ;
| L EL. 806 JA55UMED) ”
m N U W5, onwwﬂﬂ A. & L
: B vx. Q.= =Y. +K»Lu A Y, }P T Y., = c 1O+ . Ot
S s b et R R A _@. o @ow.&ow
2Llo] - — .06 | = 1 -1:1. P s
=g ﬁ | Co
> L)1 | /A gor4e | o~ p -
zZ |36 s | ©0B.8s| - | .30!z85 187220, 60 {20 | 8z

| 12e)




DA JAFEry IWNSPECTION = MISS0uRS _ suger no._ 2 oF
DATER WORKS LAKE _OAM(MM/o a0l )  som no. 1240 =20~/

Sl ML__ALQ.._QML&L_MD_&LQMM KL nA'rt_é_LLZ.

I"I]Il]]
T

|EAREEREN

mcar p#; FM!RG(Ndy J’mewv 1

;
oz
-
. N\l 8I0: 93! _2-27" cone PiPEs -
b . o
[ I

-~ . AFrumE .wo. TAL wAarER EFFFeIS| . S —
: | A *
T R | ——

Asiame PRESSURE Flow cogmats o .
lwouel W, A 41,6’4’ fl{&(%} et )

! {
-+ . B j -
t

_Ar. “41-4 fﬁ--*__'__v.'.w %IAL .‘Bu’ai- 3a7.9 = 12
N [ - H e - N .

i
,,% = (/'.qlgxef-ifp 24 i i.

pssupe T f 5 0V 618 5 am;lgltu %zmzwc,

P to i




€Ci-a ENGINEERING CONSULTANTS, INC.

DA _SAFETY JNSPECTIon) = Missoul ) sHEET NO.__3__oF

WATER ok KNS [AHE DAm {1220 < ) soB No. LMo -co-)
f////Wﬂ'y AND OVERTOP RATING CURVE . By 8 DATE &-19-7
‘T'ITITTFH[TTN IRRRERARRERAR l H!ﬂﬁm
l A S w-l. 8 30”( PIPET Flow;.qs ) o

' ' } : | .

? o Qrzxz;'ﬁ/ ,.""92544 '
Qgs«slt-x({'z ﬁ__c'fm

+ P S SR

pssome . irae sg_wnm w;,._Qjé’t_ii‘ﬂﬁ,’_;_?»_‘_'f,..“

‘fk """ £/ 'V'r}om |

. | 4 wqu Foﬁq m/ e?q-‘ upnq T“ Ml .

i Co ,qwauc 8’//,6 o ' 1 ' ; ] |
. ‘ e _..t U 9 e h._,* e SRR

L

!

Om O’\mm«el Dpat\mw&@ l}
i % ""E“ Cf"' ék’"-’ WAM#_M'
et e e R e

ALVS. WS Bl= sope's‘] E .ap '85 808-?-'5 jf |

: l
Aku/s Wep. B 28103 a.f\gm‘,\.‘} $ .‘dq“'

@Q __ o~25\<@ Sy, 6

dz'sﬁi' o

=======.'_—..._..-—==,
S g Walry 2u§.., g
%‘*o s’
!
%

ke i RGED -

’5“ yc = “09( s Q =X . .
| S 1 - 25T" V“““1°9 '*5"'°3>3,__f o

o . 45, | HE
: ‘ o= Nreda o= oézvru&%’\b nAsdnd . ] o
Qe = a 251 (2:qe - su.nfszg,"s T O REEERLS B
[ C Q-5‘> g R .
| Qsmsafsv')” A S

' l
N T .,..4‘....__-,1___-,_-_,.‘»_ + - j R
o 3 % . . .. 'f,.k K . . {‘ : . .- PR . “ - “— -
e [ T A emb 0 e P
‘T ‘a%:.qc@ A I ]
. T G 1 L. Ve HE S - . :
i" ! e s ‘ —— l __4" i'_"f_+ | ! j} i -f L1
l: ;L ‘ IJ LLll 114} 11 f i)l lxl[[ 1J

b ———




PLATE-2 APPENDIX-3

16,000

14,000

12,000

-
10,000

(73]
\ u-
(8]
\ .
g ©
S g
®
[&]
—_] »
a o
2 s
(73]
7] o,
g [7-]
3
F
o ot
o J
\ o W 8
\ o L
- w
: :
e >
w I
c z |
N\ a 4 g
e T |
(7]

HEEN

ys
sosl e

s bl 24
© ) © ® ®

1334 '(ISNWN) NOILVA3I3

816
8is

817
809
808
807

WATERWORKS LAKE DAM (MO. 10006)
SPILLWAY & OVERTOP RATING CURVE

B-&




3 iCi-g ENGINEERING CONSULTANTS, INC.

DAM  SAFLTY INSPECTION - MISSOURY skeer wo. oF
{ WATER WoRKS  LANE DAn) C_MO-IOOQ6> . soB Nno. |ANWD
KRETERYOIR  AREA CAVACITY.___ __ sy.DNZA _4oA*r£._.'al/5/f/ﬂ
~ e . R e RN '/‘Tt-‘l- 4 Co .

© - WATER WORKS  LAKE LAM

RESERVOIK  AREA  CAPAC\TY

ELEV. RESERYOIR |INCREMENTAL| TOTAL

M S L [SURFACE AREA [  VALVME YOLUME. REMf\RKS

(ft) (ACRES) (ac - Ft) (AC - Ft) !

788 o) O O EST. TREAMBED AT DAM
806 21 /47 797 | W as gow on 0.s.aS

MAPS. ((£lv. Kroww)

For oF PAm FLEV.




PLATE-3, APPEND\RX-B

1500

1000
ACRE-FEET

T

SPILLWAY CREST EL.= 806 (ASSUMED)

808.4

]

RESERVOIR CAPACITY,

|

_—TOP OF DAM EL.

1 ¥
e

N

o
o [} [e] o [} [} o
< [ -
3 4 o s 8 4 R

L334 ‘(ISW) NOILVA33

WATERWORKS LAKE DAM (MO. i10006)
RESERVOIR CAPACITY CURVE

H-—-——&“‘B-y T |




DAM _SAFET) TNSPECT/oN — /550URI _ sneer wo. /. oF

WHTER WIORKS — LAKE DAM[M (000 &) son no. /240 -0/
o FROBABLE Mirixipum FRECIPITATION oy L8 pave £-25-75

AR AR AR R R AR RR RN R AR RERERS

!

WATER WoRKS LAKE Dam (M0=/206¢)

DETERMImAT IO OF PmpP.

) OErFRAMINE . DRAIWAGCE AREA oOF BASINV
D nA = 9/8 AcREs

2) DETERMINE  PMP  INOEX RA/WFAI ,
(200 SQ, m/ & 29 HR. DURAT/ON)

Locnrron oOF CENTROMD OF BAS/n,

lowe = 92°28’° 107, 24T = 39°2s’ 13”7
PmP = 29,4 w{ From Fic.i, MR Y43
3.) OETERm/wE BASIn RAiw FRN s TERMS oF |
PERCENTACE oF fmP INOEX RAINFAN FOR
VARious DuRATIOn. | R
LOCATION . Lowé, 92%28 8", 14k 39.%s 12"’
2 BowE 7 .. . .
DURATION | PEReEN T JTo7AL RAINFAI | DupATION
(HRS) f"‘ EWOEX | pa,m FAN | Inekemivl| ©° _
AKrrwFA) Cin) T e PEMERTS
é oo 29,y 29,4 é
/2 )20 29, 3 47 A3
~ 2y /30 3/:.) 2.9
L i




3P Rue FBRCSRe | g
w. .. 13 ) 2\ " (1} " [} N ».
: Yif P
vy T Y] la
2¢01IANT NOSY3IS 1TV 3l 9
s
Peu; ul) BiR0N ¥2 - SRILN 240ADS 00T #4 P
NOILYL1d1I30¢ NAKNIXYN 3T0VE0U4 W ~
1 wnby %

B3-10

U—Oﬁ ) 4
i
" A}
Ay
Y )
N\
1 ¥ 3
IEN N
' 3 \ L _ T ] i :
¥ es Ah|.nu\_..'.n..oo.n..:\..s...«..d:g.- ) o _!L_t...o,&.-.O«.f.N..N«..

—slates o3 beawd

A




6 12 2¢ 48 NOURS 1000 i ﬁ 24 38 HoURS 1000 rryrrrrreryy T ﬂv
00 ppodise: e e
bt g w0 : g .;_r/
- P 2 v LA W
H FL 1t BN AT AN
¥ H HIE it T
3 3 200 2 0 i
2 g w2 |2 NI [
z z 11 z i
£ = 0 0 T
- a 80 - “ 8o T
- - - € 5o T 1 Y
H S sofpr < T Y
- 1 It 3 40 ¥ w_ ;
3 I LAELE BRI EMLL IO i 1 1M :
5 ' i 1 e ! m 20 { i
: BT N i
i L il .
30 s0 30 60 10 30 o %0 eo 70 80 %0 .oa uo .na 130 140 130 160 0 20 0 e 0 ¢ 1 W .8 00 N0 0 R
PERCENT OF 200 SOQUARE MiLES-24 WOUR VALUES PERCENT OF 200 SOUARE MILES-24 wQUR VALUES
‘000 6 12 248 HOURS 1000 - 6 12 29__48 WOURS
eco s00 Frr~ St ey =
2 p s » 0 s Ve s e
i 3 <00 2 400 b L5 WA B
i u u i T «M‘IJV
-
<
3 3 200 3 200 M| w Ll /.,_./L
3 2 2 __. _» _ NN
N E z 0 £ 00 WM QUEITNG
<. P m b= s 3 /uv
H % 0 S SO ¥\
¥ § § ephts !
2 z z 4
i H £ ]
- & 20 -
R | |
ey o W0 20 30 40 S0 0 0 80 90 00 m0 0 .8 o “~
PEACENY OF 200 SOUARE MILES.24 HOUR vALLES PERCENT OF 200 SOUARE MILES.24 MOUR WALUES
48 HOURS
— 1000
0o
- - - FIGURE 2
- -
H 3 00 SEASONAL VARIATION
m m DEPTH~ARZA-DURATION RELATIONSHIPS
3 200
.w. a Fercentage to be ocpplied to 20C square miles
s m % 24 hour probeble moximum precipitation volues
w. m by for: THE-ALL SEASON ENVELOPE
: §
H 3
3 3§
. P 1l ! : 0 _ ! :_— i 81
i 20 30 4«0 50 €3 YO $0 90 00 O _no _uo 140 134 0 ¢ X < 8 60 0 80 %0 WO w0 120 1) W) 0

PERCENT OF 200 SOUARE wiL£$.24 wIuP VALUES PERCENT OF 200 SOUVARE UILES.Z4 “QuN vaLuES




£Ci-4 ENGINEERING CONSULTANTS, INC.
DAM SAFETY ”\\SPEZ_IDM‘ Mbﬂ)ﬁ\ SHEET NO. 1 or _1
. WATERweRKs (AKE DAM (MO. 10006)) so8 No. __IZH0)
- UNIT _HYDROGRAPH _ PARAMETERS nmJL,ZLL/li

h'f"{i[flTT l[f]] 1TT“]I fl TT‘a"]

I DRAINAGE AREA , A = 418 ACRes - 0¢65 20, ML
2. LEN(JTH OF $TRFJ\M = 3100 %edt ¢ 59 rwiles
a ,ELt:VhT,lON AT DM!NA@E DIVIDE. ALONG LONaesT smsnM

} : !

Co . ; o = Q%72 L .
, RESER\(O\B ELEVM\ON AT r;?m.w\z £1E§I§, ﬁ;=&a@~
5 ’D»FFF_RQME IN . ELavmzoN . DH: 46 | | |
3 _'ﬁvaRMz't: sLo?E OF . STREAM % Aﬂ_ _4&, ALY S
O UTINE pF CONCENTRATJON R T T
L a) avamcHFomum-ﬁiﬁﬁ',, |
| - . 0.365 NE P |
o e < 3 L OZBMRS . _

: AT j | ; ‘b). BY \)ELOClTY EsﬂMmE. Q\vavst. :>rPsi o

T L P zéusj.;;ozsmy S
SR SRS S S S - 1) N S

: ' A i VB T = 0.18 e
& LAG TIME :L..Lf—Oéxo,Z.s—O-IY; 1 |
% L UNIT. mmmmw., LJ._ ahosqsﬁooas ; B T
| ¥SE D= 0065 . -

i .

TP : Dz? L.t-_Q.a&b _,,017 P D2

I

o 'TME TO PEA’Y\

e m Sbs o o s 3t e e o e e em e

. PEAK DI&(HARGE qp A_&LA. iiéi(_-éSJ_;EvM?SAt—f;




A

[ 38

v Am_s&ﬂumwsouﬁ\

. ENGINEERING CONSULTANTS, INC.

SHEET NO, \ OF

NAMMMMQ_ joB No. A240-001
o) -Iwmm_&__ MALo.f;lAgh

’r_r:“‘%*f‘m’;' ; _lejwvﬂ

WATER. ‘wa«& ARE

T

xooo@

'DE\‘F-RSMNAT\UN OF Mbﬂp\.oc\c, Sb\L. emm AND g_c,g

|

c..um,:a 3' N\JM%E'R.

\/Ja&zs—tekcd Al W&k yw@n% ff

; vaujv P x%mh }ks&m\e /&UCR, ?Erw:?
et Ren ofae nontershed DT
e o e ; ;...
':Zj-f.v“r‘"om* BO _T:mrcem}* é\o m ﬁ(ﬁ;ﬁ‘r\b&
B m(ca&,;.a A&&um&e, kn,a—t/ 5\7 3&.» cwra_a..{,
. As %ﬂmzp& o ! L g
: o i Msu»rwe« Fawr' /Cc‘—ro‘urg{n%\t —e
i m%qm S SRR
o " | ] o
M& Q.\A 79:05;-\38@705 1 &3 1 N
| ; ! |
| |
ﬂt BN




ci-«e BNGINEERING CONSULTANTS, INC.

o DAM _SAfETY IWSPECTION ~ pissoul) sHeer Nno. ! __oF
e WATER WORKS LAKE Dﬁﬁ_wlmﬁ)___ma no. /290 ~eo/
L._ZK_L__Q_&LK_____.Q.Q_AL_loo EGRESS/ EQuATIoN). sy K48  pare €°27-7:

ARSERE TR BER LIS U S A 0 R R

| i
WATERWORKS LAKE bAM. | |
/oo YR Fleob LY RECRESSIoN EQuATlion . . |

REERESSIon EQUATIoN Fork  THE Jop YR Fl.op,p‘

FoR misseaRy. .-

, ! ;
} . } :
. ! . o
: i '
. - .- ; -~ - .,.}I,._-- o e et e e e
! |
! ] } ; . :
: !
1; '
i :
t

Pﬂn?w»eé AREA uu Q. ims
- T T TS s main cHpmmel storE 'f"“?n)... MW
; L R,qg StofE. Bﬁ'na;f/v o,/L I3 o,aSL)

A Coe e ‘ o P T S P
S ‘ . ? _' l.j
ey L OR. WNTER Awgfgﬁ;ﬁ;. LALE DS |
H Coa ot . ! S N ’.‘,.:,...
. . R P
§ : 16 ' : ;
;A | O3 gQ o1 |

(e 7

. ‘ A olo2
i o.ww .683° od"
: &0 8s./ (o és5) w3 .

i

Qo = 863 CFS




£ s ENGINEERING CONSULTANTS, INC.

' CDAM SAFET) ZTNWsrPECT /oN - M)SSOUR] _ sneer no. L oF
' ) WATER WORKS LAKE LAn) (/200 €) o no. L2YO~ cos~ ) i
o IR FlooD Ry REGHRESS/oN EQUATION o K88 oare 2-#40-29

‘\ e S S AR S R A r TETTT TP [ T ! v
. ‘ b : ;

WATER woRKS__LAKE _DAM.
D YEAR FLooD Y REGRESSion EQUATion.

KEGRESSION EQ tAyion Fok THE /o0 YEAR

FLO0O FoR MISSOIR) 2

905 4 2°% P o, 500

’ o
@0 7.6 A

WHERE

*s

A= DRMINACE AREA /w S&, A, .

S = N CHANNE SLoPE FE/ ).

(AVE. TLOPE BETwWEEN O/ L AND 0.85L ),

FoR  LWATER worRKS LAKE DAM .

A= O. €5 J"Q‘ )/ﬂ/‘,
S= 13 Frlame. S R

~0.02 :
0. 708 (0.65) 0. 500

@p, = &€7. & (0-65) (773)

4, = V85 A




HECIDB INPUT DATA




’ R T 4 - . . .-
o . , |
. L= L]
[ - '
. “ .
" oa
[ J s
[ J . C
- Avn*
2L
Py ;
.- uaC.l
® .-
. ° -
..
_ [ ) .
6t Y LY —
E*ROR s “e 1 @
L . *uty es §2
*0cs 97 s°0pyg  *9Qp LR VR 22
*u12t e L3 A LTS e XY 12 [ ]
o . . *6i90F *29%9  *nygf .ZJ gry LTS el L0803 & ve
- ol*Te  L2°IT8 Gr®T18  [5°50d Givuge  Bu®0R 560008 o0 wy £l
1= 0°50%- 1 [ nl [ ]
. R ! 3 i Ly
€50301) w73 IWVY S»Y0AYILY™ WINCoarl -uVuPJIvlan IINOH TX 1
t ? 40501 1 » st [ }
1 o < X ol -
L1*0 Cm €1
0°§t- 1= i 2 ®
. 01 8et st L] a il
01 w3 c9°p < 1 . et
SHILIWYAYD ndYUTOBUAH LINT 23S LN4NL *50ILvE INV VIvanIvy %3IOND &ws ifc' D Ix . [ ]
. X t ETNg 3] 9 » ]
4 c°1 ir t
1 ¢ 1 r 5 [ J
e A [N 1c <
3 J 0 0 ¢ Y “ [ tey Y v
SULLNOY T3¥ NOLLY Wy 130 $W4 INTIM3G U3 OO0 dWd iy ¢ [ J
. - €WOLEY WYE 9% SuelAwlgs® 2v 3
.. TANLLsln = NCILITUSNT AL13avS WY& Ty 1
*vessnpsns sseBsevsers Lo ®
. L . . . 6L R34 92 NOLLYDIJIOCK LSV
. 6lul AP NOISEIA 4434VE WYVQ '
f1=231) I9¥NI¥e HOVESOBOAN 0004 ®

(AT IR Ry Y Y Y Y Y Y Y Y Y YY)

.fz\ﬂ -c,.l. )

VF" %ufr r\“fi




“dOMLIN 50 gnd
90n91 L Ha¥bC0YCAH ypnpw
90031 1YV HJIYYI0¥0AH 340Ny
SNOILYIN)ITYD NMOALI. wY3vyS§ A0 JONINTIS 40 MITA_ g4
~ ~ 9 S . : L,

. RO B R

3

. .. - \l.
A ’ U 2-_ ..u ..'n.ﬂr"'f!\-ra




INFLOW PMF AND ONE-HALF PMF HYDROGRAPHS

3-\9

Ity i




f

. oo
L ¢ gy . *qz1 *9¢: *luy “6l8 *20nl (LT *(se
00°Y =1J0A  £f° z2g¢Y *5e0H 00°%0 Z31 ¢S3ILINIGHO GO TNad 40 INY 2T HAVHOOHIAH LINN
oC*1 -nCcllM ager =LSJ8L XA B YR PR
o - viv0 NCISSICIY N
P =597 co*u =04
. . ViU My eCe Ad LIND
Apese = N 133343 90°1~ = SSINIIN P0°Su- = ON JAMAD
o : hE AR FEATH TN L) CHEN A LR 00" s poes acet L*g co*e a
WIl¥  xWyT¥  <I13K3 TINIS  wuTed  SHHIS  AIval  10I:¥ pxi70 ¥NELS  1e0¥)
B viva $SC1 .
cgee ece9 acee 1g°0€T  €0*G3(  GO°COT Gb*e2  (Q°
o . 7] ‘e god vod 2ty Yy SHd 33dS
7ivC allivd
3 [ 3 4000 20°1 5 J6%0 <9* 2 1
A3C1  is¥Sl  RCuSI Ollvd DdS¥l GSel  <NS viavl  9Wnt 90AMI]
vivd hd¥EIHCAL
¢ . - 1 5 o 0 . » azeet
OLNVI  FIVIST  IWINI L4l 154r Javl: 0931 dWOIT  "aisl

SoidIa¥aTd hevb CBIAM 1100 SIS fG~al 4S0I2FS

MOLIVINAA0D 24TWNY VIEV-ERS

treeprennse savesssonne sesreBsNrNe

1 nz.»ua ¢ =n11xn 1 =N¥Tan
GIWYC I I ik CL LoSATVAY NYTI4-T470W

¢ 3 C G
R 33wyl Lade? LN 43400
b J c . 0 b} [
WASN T2 [ 248134 Ll IS uHl Ax "l

031901410548 eCf

SNILNGA G NCGULIY! lwall3d dwd LNIIWIa

22001 W@y 3NV SNHOAEILNVY

CNT 1IPANTTE s 50ND dma 0O

s880sssens

co*3 =SClAM

- v g€
Wit ¥ tn

0 gt 4

o 1¢P0S . ha = o7T33T3SND AL54% WO

(- TAL T AT TR S ¥
“Ql/40/764 34V NNY

Cl""'l..‘.lGICIUI.C’CI‘-I.....
6L 34 92 NCLAVIL4TC0W 4SVN
sl 400 AOISHU3IA L134¥6 we(
(1=73H) 39V NIVd HAvMIQB0AH GOO4
SUBPLISIVILTIIIINDISI N IBOPIRONIS

[ ]
R

.
[
»

e o
-~
ar

4 6 o o



<

*02c!
*yant
*laivil
b S
*2gel
*Guel
*garvl
*isel
our “l
*5¢st
hUCTHER S
3ty
*ollc

¢oe
gu*
au*

$ie n¥*et 10t *9.
902 seelt et S on
©aZ 0gecet toctl | Gy
k02 SL®y1  10°1 CGh
(414 cytetl 1. “oy
o2 B LA S LA “hy
Jue Cheot 10t *ye
L6l SE* 9t 10°1 ‘Yo
jel 0g* 9y 121 ey
lol Se*91l  1d°! *le
ETR R0 TR VIR S iy
a6l Y SAN S & A ‘G
vol Utesr  to°1 ‘uf
bl G391 1yttt MY
caol oc*al et
il 23%51 0 10t
26l PRS0 G SR §
TR GH*el  10°1
881 LR S SR
Lyl RS SR !
IRt 0xy*s1 et
Qe [T | T
oul et 1ot
eol 4161 161
¢Fl P et MRS
1491 (PR 101
anul voelai 1.*t
YA wheet 1c*t
121 2%l 101
Lt mty LD ¢
EFA PR AR el
Lt A reet
LY Cy*nl 1.1
e el ETI A (IR ¢
W MRS vt teet
1S9 [et it*nl ) St
1:* A 13 B 101
Ty wil nes 10°1
n * ¥l AR 1
we® st *1
v_* 991 1 *c
L 291 *1 sl
vo® LA ¢ *1 *
LA el ‘1 *1
¢l c. 6
LEH . *c
.91 *1i e
vul *1 .
e 4Gl ° b
L 2.l 1
u-e i TuL®l
HvRd P 1eet
E-Ad el e
¢t vl 1.°1 *g
o 261 1ot by
g 161 101 ‘0
nivy JUIK3d Na®dH VL UW L aa0l
ROT4 QUIu3d=40~-Qh
LI P - ’
&
. L oe. . -

Je*
au*
g0~

Gg*

uege

3o
.

W
.

1ee 1ge’
To° 10®
in* Tue
10° 10°*
1c°* 10¢
toe 100
i* 10°
tu* 10°
e ine
Tu® {0°*
10° 19
to° to*
Tu* 10
s* Toe
13° [
we 10°
1re e
" 10*
e 1ce
v Lc*
1ce 10
.. 10°
1ee 12°
e 10
ice 1o
e 1c*
1o [
1ce 10°
100 194
ige
11°
e
1o
1g°
R 1ge
St e
,t:l nu.

IR’ SRV




. ! Cp owe
o —- . - FS ARy .
® . *201 00° . L A
201 20
—- 00° 99
- - ceot am. ¢or in 0t-cz 101 T
L4 *201 00° Tue °9¢ s0e22  10°t ore oo ioe ige
*eot . 20* cop Qg*e2  toet £ a0° (o
- - — R 201 [*1Y 2y i c301e lo°1 "Ciy coe® . Lo0°
® . bo* 9. ceelz To° *05¢ aee Le Lee
et 0o* gee  lae ORI 62 Lo dor 200
20t oLe 2ne 07¢ Teet cecs 00 La° .
*2ot ene Gwerz  10°t vey co* La
‘ 0201 oo N-“o J,.” stz Lol *udf co* Lo° 10°
. cae ¥il 0ie1z . ey e L0° L0
2ot J0° e 1%¢ roe: “uz ce L3°
i seat gae cre .nm seste 1ot et vo* 10° Lo° 5
2 . < b2 . cres io* :
* sa1 oo oo Tl to “res gor  uon o uon i 0026 1ec
- *23 sor ey et tae1 e PO O+ S sste 1ol
® ..‘\.~ oce coe €sc w12t " .2 ot Lo L0° o2 05°8  T0°l
“ut 98 MO Joets 1901 t62g O ol SRR
- 6° 3¢ *weg L9° 10°1
o .2 2 . .~ Ce Qp* gat =
® -NM“ wo. M.u- BT ~n-“ *weg p.w. No“ LG N_.u— lm.“w 10°¢
Ul 26 20 war, 1ot tic npe 9 i0* 11 om 8 . 10°1
o - «zo1 sy 2 ane 191 foat I s0° 2 Jot sze8  10°1
® *201 Jos zoe - 1.1 e 190 1ee 56 Jere  Totl
*zol go? zee e 1cet thos J0° L6t v ©1°8 _ 1071
. . ot s0¢ ge c62s o Lre L 0t*8 1ot
o -w““ ol _m.e. nes ﬂu,.“ t6le cm. Lo 6 LIS
c2ol ER e 11 SR se L0 6 gereretl
. -2at SO o1 3 o ege 2w et b
o *2 2ie ; ser taiz 20 boe s . inet
N4t zue 1 Thig ace age EN Seidtont
- 2ot e ! el 1ue < ie sell 100l
L 4 2ot zoe 1 L To° Tge Ce siil 1ot
vect cut 1 Juds 10 o3e e celd ol
- - ~eat cur { e lue 0 gy el Teol
o ~201 Qe t a0 i L9 L
e20t e ' ooy . o o6 s1%¢ et Z
T t201 : et te ; Pie cw JTL 10t
e *zot aLe ﬁ *und n. “ Lae »e nfvs 161 2
. ' el v Lce v 3% 10°1
2ot eoe ) 1 .o Gge ¥ 5Le9 ]
. . v ¢ G1°s1 1IN M cu g to°1
201 7oe oie el Tut: o Gne Lo < gcea 1y B
. °tat A V.. .z ;,,omn T0°1 . :. . h.. 1 ce*9 ~0.~
*s0t cr gL vz butel 10°1 Joke . by L*9 _
o *eg1 2o e UH. RARL- R Loet .th .”.- 6o Ggee :.-—
. gy n > .
] 911 ec ¢es aed Saewl 1001 o oyt Seen taet
621 U 25 PLLE R SN 44 ric 9 Ll = 101
.- escl o b bcc e “ LES ¢ Iye ic uv un.o To°1
- i §id ¢ .r s cy .
. P A . - Lveoul S Tt . 16" 121
® .muu o ot P o ”c.,. o “M 1ie mﬂ si*s  loel
.. L2 PSR oo -g L AR S See et :
® R4 O O 4 el ool O L 807s 1071 *
o,u,b (A ¢o ate “l*dl t ' um. 1 16* w» 1e°s 101 v
. - » 1S 1,
° -mmun ane X 33’y 1ot ’ .
gat ect ..
- . - siott zze )
® *6211 ges
gt 2c¢®
2c¢*

L S Rl el 2od
‘2 4 ..\JJ.Mﬁ

ads




—B ARSI e TR A TR - SR T LS LY d

2,
e

e o ¢ o

*ellasl

‘0
°e
*0
*1
*t

.-
b

*s

ot
ol
Ly

.,

*ge
23t

tcut

. .. vy .‘ * T
o RS mw. "

*6Cr
gy
b4 5y
® - Je
p Y
LIN
Y
Sy
e
gt
9

(oy®2uge ML%e2

(1.0

i)

00°*

J¢*

0o°
0o*
pee

30°

a2 e dde Wy 2

*Yes
v22
Silw
tuld
*ls
‘L
‘e
*yy

‘T
*0

[P A
PRV R
303
du®e
[VANAd

Qu*2

LA ATV N RN
¥¥ 0L

S

cne

LY *i28 LAy
A M *lc¢y M AN
*604% *L0% *go¢
c0L2 *9G¢ *Lc?
b 34 “us *0¢
Le “Ly ‘9%
ton iy Ty
°Le *vs ‘ix
b TR *fc 4
. LY} LX)
'C LR .U
I CIty *% NYO4

AR crigt
*ocul *u9L 1
ol®fhe al®y ¢
e3®Ch PN
*i- it Gl
*Lelnat Ty
FLU R IR F Y FLALEL Loy 3
[ )
£  WNsS

C.Y wott
Y o ca*l
J LI eC*?
v IRt [ A
. vl
1 Tae
J sud
0 Tuo
€ wad
v lec
2 (3
v cul

8-¢

Lwc

Iy

Sul

[ B4 K34

L ¢ ')

114 L

£ 24 M

0¥ G2

slLc Yi®s ¢

wie [ S 44

e wdeye

Ve (.%x

see G5

L4 GG%. 0

L Sheoc

e’ Geoece

e 2

0Lc [

»9¢ <

498 4

AT/ 51%¢e

928
*61¢
. a2 08
* 261
*04
*9¢
*0n
set
*1c
b
c
4C4 suCul

‘izl
9901
sl®y el
[ AN
AR
‘6ry
UNOh=te

*ebp
*Chey
*19L

.LN”
*alf
108
*est
*ey
Lxe
‘ey
MY
‘6l
b4
°c

LY
AR ¥

*91:
‘Hel
AR Y
ey
an
‘et
*0¢
*81
‘1
*06

VLS 1V HJIVUDOHCAH

ANChH=-y

o

"olc
*5C2¢L

»o

iy

s
v
..

<

RN
tvTe

~ -~
ooy
. .

&

s~
=
.

i

‘vt
°s1¢
*C62
s
‘o
- .f'.
*8c
*el
oy
']
0
w £ SNA0HL
134=2v
LN
MIRATIL'D |
Sk~
has
0e
__Nl
[
e
Lae
e
("
Lo*
PR
Lu®
L9*
Lce 1
[V 1
iLe 1
15 '
L3* T
¢ T" LIS
ice £l
I A oft
(ks .t
1 y e
LG é6ct
Lt 4¢l
L2 FRA
.00 FI
A Gei
Lo LA
[ A g2
10 2l
[N et
Lo (U Y
Lo alt
10° F1T
[ IR 1

e
°LE
.rN
el

0e°2l
geeet
aee¢t
A REA
0t°*c1
we®el
oceet
L0 O
[ IR §
PLA &
ty* 1t
PR 8
ggr 1t
se*tt
nzZ*lt
stety
otett
so0* 1l
001t
sa.°01
9401
av*01
oot
cgect
LEAT
§2*ot
0c*ot
31°01
oteot
Sqent
v.*0l
65°%6
05°%
Se's

C e o .
- .t&.. AR S5 CUR




o

XY

*ge
1S
1y
*1s
1
°1s
*ly
*9vi
*0LS
*0d¢
*¢dac
*69¢L
*999
*166S
ML
*~il
*191
*9u1
*e9l
231
*dai
LA
*5C
*ye
22
31
*ni
s
*9

]
*s9
*cut
201t
*ect
*291
*201
*201
2262
*0riT
‘Cenl
*v06iS
*0sEeT
2133
24t
*Lie
b 14
X 143
* 28y

‘Lo
*1s
b 4
14
15
‘s
i
A4
LS
21
*x09%
59¢
T4
*gis
A L]
*+51
*LIt
*9591{
“wi t
*1
‘usl
*Lel
"

“h

"¢

eqy

it

.

s
‘s

*20t

*201
2t
eent
S,
*Trit
*Jnul
*e Ly
e la
ez22t
*uuui
*Lue
*aeL
*wiE
*Ige

< 0I1

.w~—

APRNR ¢
R ¢
LI ¢
A TP
*ulnlt
*ecel
*v el
Sl
MUTEY
‘gt
AEERY

4 1

NIl
fenct
ule,
PR
*51
s
eNCH=C

‘1
*ls
1y
15

M )

kAR

el

*1
RV |
«2rq
*cul
*2ul
*cat
*oul
*adl
*uelt
M TN
*e21
h11:%4
*9¢ 51
*1elt
*5lul
% L s
*usf
*fxf
*1se

al

*eatl

o1
*6t s
ERVIEE X4

.n

ot
*o0t
*cnt
RV i ¢
*2ut
*201
LTI
LT ¢
b N
L1
AT B
c1rat
<l
*wliCl
*36¢
-1y Y
1Y
M)

ccot

*2C1
ccct
*cot
*7at
e 1t
*a2lt
L
'
Tt
MUE R
*E1Ct
2101
*9¢e
*Ged
Y3
129

°0
*9

iv Ha"ulLCyIAE

*ct
*21
“lul
szt
*2ul
bR
AR ¢

el
*lxet
*o897
*LRel
*eent
*u 101
‘a0
1YY
ccee
*fEL
MY

A Y
Ida.
*1s
*1s
*1y
L
*H9¢
vl
*9r9t
*669
*yzs
*6ge
*2dq
*u91l
*Ls1
*991
*LHT
*cil
*HGl
*int
cay

*n

[T T P
PR b

SaIn3NG

3

vl
<ot
*2ct
AR
*c.1
A
*lot
St LT
MTAR]
eyl
M
‘duyl
*2inl
*r1et

90y
i3}
MTAN

) s ﬁ..uw ?.5..;?

_ 0

°1s
*1s
*1s
‘18

‘it
*99%
LT
*2ole
1Y
*60¢L _
*u09
‘ilev
*d91
*LYY
*997
*C9y i
*91 .
cLcr )
*y=l

*32

*hHZ

B-24

‘Ll
*lt
*ect
ot
*cot
*ect
*20y

PRERS
Il

MER S
RIS % 2
‘onit
*linl
“ulel
*ooer
TR
84y
*eid
*eix
AL TR

-
s




>y PRREN 2 NS S ‘,PC,.
’ . e ———— - -
. L
oL N . o
- - tr.
J 312 *602 ‘90 *cel 0wy Y91 L ¢ RIS LT v
a, o vt ‘12t LRS! it ‘60t *Hvot *001 *9g ™ ®
e ) *ed it ¢ w9 gy, oL *yg ceny gy . . o
. - ‘6% LFTY *62 ey YT sz (1 s o
> © 1 *1e “u¢ *a¢ T {3 61 41 vyl ®
L 3 *9t ot 5 *ul 9l L SIS 1 RO LI e .
- *21 21 1 11 *ut *ut 6 LT °g
® L i\ L [X 9 39 g .18 oy ’ [
" LS .y LR ¥ 2 o7 .1 T o
°t *u °g P °9 “0 .c .n .0
(% *0 *c ‘0 *c ‘0 ‘e ‘0 L ‘0 ; ®
_ LIRFTNL] i . U .
, ® SILVAIOHO HAVHILHUAH GLINId=30~UN o
L CIave ¢T NYId $9,007 NOIaVLS - R
| 4  J
] L 0°0 $°60% o
LI%avU  0ax) 002 13ded
® VIV WYG (
. ()] 0°y 0°0 veu (R g°¢ ceé C*yut T £
® Tdal ¥3pid  L0d 1313 Rdx3 ML GIPas 32 ® b
? *ogy LIRT *ue. LE L1417} =4014vA33 .
[ ] Y ]
nt2 *603 L L0l *9 SALLIVAVD
® 00°:5901 0U°2949 JGeCa%T ~0°19g1 [JTATI4 nge suv2L 600 A0V o
6Low Iy 62°k v ELRST" Syt uly PP DM 100 0e S%* 0% AT T a9vis T
® ®
£ - *oire Guo*3 G0U*0 Laser ¢ 2 1 - 5
138351 whuls wol X Mr5d¥ 971 L. Salsh 2
. @ . [ ]
Pl 0 3 ¢ I 1 €O - L"c 0% i '
T 6151 dral 1.Cl IRYST 35wl DAY DR P TR T R %
5, @ Yiv3 9LTfious - @
Y S t 9 4 0 3 t il
21nvL 39%EST 5AWND Ladf Lar Javil N AR T: VLS
- @ . e
2 €SI001) w¥G I»VT SHHOMY -2y JEHE . dYHOCHOAH Junne
. [ ) OVIANGH Ra¥ Ol sdAR [ ]
sssane Qsennessen tssesasens seccrssvsse R YYYYY) )
[ ®
o
o [ J
*559 %649 *sls LMY SAuKg
[ *Hye iy *Hlv 14=0% ®
9°1e¢ 59°Tbg EL P+ 9.°90¢ i
NURE% ¢ STLIN EBRN IS TRIN
o ¥ °y he L Sl ®
» *n9sL1 *ubE *o9e S T H 542 . .
»«4.. WNI0A T¥L0L  ENOH=-! HNLH=9C  NUH=Y %y 3d -
e g *0 *0 *0 . . o1 113 5 6 ' i . _ e
& ® @
» ”. |18 A"...,Qu(.\ i wie S.~ v . . - -
. .
RO . o
[ et B v
] o [P - <€ v,
- - . - M L R DL -
. * ..r o S TV N ~ LY ] LR 5 K4 - . ' . - .. Fnﬂ. B JNP 5 1.fw w Tod

e ’ . v P g




-

PERCENT OF PMF FLOOD ROUTING
EQUAL TO SPILLWAY CAPACITY




. . . - .- . . - . . e e mme e cem e
. . E
0 dwed >SC1 S3x3 NIV 2GEYId  NwtWH YQoUM L aWu3l €S0 33INE NIVE  001MId  NMOWH  vEel @ m

_ o B _R07T4 gclwid-40-aN3 e - S B

. . - . ,.A
8G°1 =¥0l1y 00°2 INSJ¥0 05°0 LIS TR . Lo @ .

i . . Yive_NOISSIDIN ~ e M e
(1o =9yl 00°0 )1 o LA
VIvY HJYUOCHOAH LINA e e e . F

50°C6 = NI 123443 (C°T- = SSINLIA peCfe~ = ON JAYND L

ceceo wL®y Ju®ye= 00°(e oc°1 gl°0 0y*0 6o°t 00°0 00°¢0 0
dully AWS Y TL3INT TLYES Holity SHYLS HlvY3 J011¥ 2 Fald ¥MHULS 1dg¥?
. viva S$SC1 . B
e w00 ng*g 00°0 90°YZ1 30°02T N7°0GT Os®s¢  CC*0 ?
. ) ) Yey 2Ly 'LY’] w2y ¢ly 2] SWa | R4dS L .
- ‘ YEVE 312389
. [ & ]
' ! " 2 Los*2 el TN toee 55° z i . _
Iv201 dn¥s1l *ONS1 orivy JdSui VLol dYNS v3uvy oHNl 90AH1
[ V1IYQ Hivd20MCAH ®
J © ! N 0 3 bl . 909CT
€ ulnvi d9V. 5! Javnl Lugl L9 senil \0D31 anid! tvist ]

-
3bilantatd HATHOCHUTAM 1IND 510§ LNdh] $SGTivd ORV NIV IVY a3C.1 did iNdul o - ”
e
~ NOIAVANAWO: 44000y vIby . A _
4 ’ [ 4 ssssessrsen sssvensvne ssesensans vsesevv e I YRYY YNV 2_‘
) L
¢ &..
Wl 2t 1t cie 4y hot ) ¢ Ut 250114 ] ) N ) .
L8 1 2614 6 =CLEEN T =¥ 7dAn . .
RN ¢ G34¥0 M3 49 QL SISATIVLY AVId=-117NW &
P e . ) v t < ®
3avbi 14y inn g R .
. ) J ” ] c ) J 2 9 Gog
.. & MYISN  Lual 11 Jui3e wlal el Aval Kina' R eN »
o o *OlivII413i4S dor .
. [
A 3 ONILRNCY Qnv NOLLYNIWY 3L 34U 3swo 30 IN3IJY¥3d »
- (90C01) wmyd 3WVT SAR(INIITP )
- - ) INRCSSTA = NOLLD3asthl ALIAYS wvd )
.
K 8 ®
2 .
T e SHTtveyC ikl 'Y
, B } *01/10/el *31VQ  NRY
L . BP 83803803008t isnsaoerInssstaned .
. ‘ ol 834 3. NOLIWDLIJICGW 4S¥Y
. ) - ’ 8eel Aar NOISUIA AL3a¥S wvO
4 [y : =330) J9V¥NIvd HJVUIQUOAN oao._._ 'p
sevessscsstesenst -
- dee i s . e .
A » .




SHACK G¢*ST S5 RUAINO »¥3a .

SancH §y°9t ~ SI_POV4LNG Y 3d

SzNiw Ho*2 T ST ROY44N0 NY3d

SeNCH LTl $1 fQI41N0 wy3d

Stfiee LT°4T 307 S1 ANT44NQ Nv3I¢

Sance LTt ) ST POT44N0 NY3d

SrfCh G2l ir G S1 ROI4IN0 wv3d .

Ser- 2% G ) SI PQI4LN0 Nvid

:Ad) gen

T3 Sl
VIYD AV

4o
12575

ENSPITERE o

TAi12vdY)

Ga*es901 getl ey IR RS { . ¢ (4R F]
6L°014 wl®ils [UC A8 3N : R s i vy a 00°S08 gTis

1- [ | 3209 HVRL N ? 1
L'hast : ¥l ; ! . NEPRN
G M U Tl
¥4S$N condl 1421 3a%>1 Sy SaL1”
Slve SNIEhCy
d4 1 o . .1
39vwyst Il tHaf ivir savll :‘.u.: c¢al3l Jvlsl

€(30021) wve WY SHeCPalLTk HONQCHELL - av g9 S(AK ifn
'NLiPY aveong TAH

XTI REYY ) [ EXF YR RN TR Sevsvensas “sevsnanee sevsesvsen

(003650 1(°22 d(°Sul di°9uu )
423113 6ne SHQE 2115 wWns

S "...«\. ]
.':st. b .r.»!.-ND Ao | e

o R 4 -




o
W owad o dl e san -

amarh O

-
-
-
-
-
.
.
-
.
-
-
.
.
.
-
.
.
-
-
.
.
.
.
.
.
.
.
.
-
.
.
<
=
5 .
= -
T . ,
s i
~ - .
- .
. .
o -
- -
.
2
—
-
-
-
.
o« . -
< .
~ .
.
. '
-
.
’ -«
.
.

PLAR, TUTFLIN IS

. s n Yy . . . o . ., . -y
SN 7St v “; e R
g e L o
. N e . . .
) . . . . . L] '
. é Rt . . ‘s ‘_- v e . __Q} .
4 g "d oy n-.-o PRI QRN
[~ R SWRL o K 3% N ‘ o
i ot g > [T (799 ;.- W e T
| w0 ST A N SRS ‘
y 4 : . B LA - . e
l




e -, -

“d\a&.ﬂ : Uj“)-u"l ﬂfi .~.. . N r. ,vv...ﬁ'
Q.‘.s...) o

‘,. AR | L.-. e~ 2 t‘w : ."\bﬁ}l*”’

vy T . . e B

L. »
- - .

169°%2 Jide*y el 1367 I, | R ENALY ye96e Yearec Ytgel ' (+5%1 )

°892 *3e2¢ *fal eIt *ict ‘50t st el St 1 e s0Lt €l G34n0w
12652 yean®el Ylone2e yegnto02 ygsg*u1 Yeegeat Y(B.*»t yerltet 1¢oz*0t ) (p3°1 L]

*ife . *599 *fot *lce *hed tagy *hiy ey *ys 1 9 ATV S 1y deNYObGANH
e 2t e R 6Q° 8 i9° 9e* Lot

6 0ldvew 8 O0I4vd L OILVY 9 ALAVe & CTLVM %  OliVY ¢ gIiv STivy 1 Gldve Nvd LEFA Lolives NOfl7H3dO

SR04 Cd O317ddV OIN -

(S3LTWOTIN I4VNDSY SITIW INTADS AT vamy
(ONO2IS 23d >H+L34 J1HNI) ONCIIS ¥4 1374 DLiBND A1 SAOT4
L - BNOILVINGADT ILa0NOIY OLLVAM-A7Td FTATL AN MO4 AHYWKNS _§U0TH30 30 GNID 3SveUlS BLY %73 Wydd

» -

ﬁ L]
s halran s {l’frl&




v G BN eV C
ad . ﬂ b s -+ -
- . -r
- - - +
%
) §
3
» .,
- ¥
%u -
: v.m :
. <4
. v .
R ] IASE)S 3*e AL i e qLeRy Tt QG
ner AR 21 L% c 2l L2 L 230 ®5%b L0 21 \
Lt €Le9t «ne *iet *qutE [ LS it r.
vJ*c Be* /1 ceel clerv *Z9¢ 2 Jreucy oL
yl*y LYy tceo *let LT ¢ Lt 0c*uur 60
50°0 LteLt oo°*¢ *s07 *iol “n*G LE€*4 - gL
LR [RANAS 0L*2 *le *unl aLsd LI Lo
Uy vt ® ysey *ue L3 TR nueg 1. 0n ye
Ju*o PTAN S gc*o *Z9 YA ¢ Joee Ye®llu 206°
SunLH Sdhon et BN L3=2% ESISEERT Y] LERRAEN] ind
4anIvy MOT4ANY X¥N 40k MM AR FY S KO A TR CYR RS ol SAESE T3 49
40 3mll 40 3Inwly NOG BV ANWIN . ANRIXTa KUTS RARN TS B2 A Cltv>
LA N *0 "0
*10c *inl PALA ¢ EAAL B YN B
(LA 090w 009t LIivAINd
wWvl! 40 d01 L3345 AWYPTLdS J6VA O WILIKI @ccssccsoscsnnes 1 nyle
SISATYNY ALISVS HVG 40 AYVWWIS
N P i ~ - . ., e ~gr .
’ -~ - "
. ' 4
ot « :
. . - L. .




